Abstract
Introduction 1
Water is inevitable for life on earth with its uses to meet our basic needs of drinking, 2 cooking, washing, irrigation, farming etc. Fresh water, the water that is fit for human 3 consumption, makes up 3% of the total water on earth; with over 68% of it being locked up in 4 ice and glaciers, 30% being in the ground, we are left with a meager 0.3% of the total 5 consumable water on earth for our consumption from different surface sources (Gleick 1993 (Gleick , 6 1996 . For human consumption, we need wholesome water -water that is free from disease 7 organisms, poisonous substances and excessive amounts of mineral and organic matter; and 8 palatable water -water that is free from color, turbidity, taste and odor, and is well aerated 9 Bangladesh, with an acre of water body for every eight persons, has one of the highest 23 man-water ratios in the world. Surface water bodies eg. ponds and tanks, almost evenly 24 distributed throughout the country, comprise 336000 acres which is about 10% of total inlandcity's population still face severe water problem and collects water from natural fountains, 1 private supplies and natural reservoirs such as ponds, canals and rainwater catchments (BBS 2 Table 1 . 21
Environmental variables 22
Water samples were analyzed for water temperature (WTemp), pH, electrical 23 conductivity (EC), dissolved oxygen (DO), total dissolved solids (TDS), total solids (TS), 24 total hardness (hardness), chloride (Cl -(as nitrogen, NH 3 -N), turbidity and total coliforms (TC). Collection, preservation and 1 analyses of the samples were done in accordance with standard procedures (Clesceri et al. 2 1998) as listed in Table 2 . Analytical grade chemicals from Merck (Darmstadt, Germany) and 3 Sigma Aldrich (St.Louis, MO) were used without further purification to analyze the samples. 4
Trace metals 5
Water samples were assayed to determine the content of following trace metals: Cd, 6
Cr, Cu, Pb, As and Fe. A Shimadzu AA-6800 atomic absorption/emission spectrometer also 7 equipped with a graphite furnace atomizer and deuterium background correction was used for 8 all metal measurements. The radiation sources were hollow cathode lamps (Shimadzu, Tokyo, 9 Japan). The operating conditions were those recommended by the manufacturer (Anonymous 10 2000). Stock standard solutions of metals at a concentration of 1000 mg L -1 were obtained 11 from Merck (Darmstadt, Germany). Standard methodology as described by Clesceri et al. 12 (1998) were followed for the preservation and pre-treatment of the samples. 13
Water quality index 14
Water quality index (WQI) ascribes a quality value to an aggregate set of measured 15 parameters reflect the collective influence of various physicochemical and biological criteria 16 of water on its quality. It is a cumulatively derived numerical expression defining water 17 quality (Miller et al. 1986 ). The construction of WQI involves a normalization step in which 18 a 0-100 scale is set for each parameter with 100 representing the highest quality. After 19 normalization, weighing factors are applied to reflect the relative importance of each 20 parameter as an indicator of the water quality. Based on these two steps using the raw data, 21 WQI is constructed which gives an easily comprehendible unitless number representing the Here, C i is the normalized value and P i is the relative weight assigned to each parameter. P i 5 ranges from 1 to 4, with 4 representing the maximum impact of a parameter (e.g., dissolved 6 oxygen) on the water quality for specific use. The water quality classification system adopted 7 for this report is as follows-WQI 0-25 is very bad, >25-50 is bad, >50-70 is medium, >70- Chicago, IL) and DeltaGraph 5.6 (Red Rock Software, Inc., Salt Lake City, UT) were used 12 for data processing and analysis. Bangladesh and it was below the detectable limit. 6
Water quality indices 7
Though some partial analyses are possible and contribution from the pollution sources 8 can be predicted, it is not easy to evaluate the overall variation of the water quality by 9 analyzing separate parameters due to the discrete pattern in the seasonal and spatial variation 10 Table 6 . 20
Water quality variation was not distinctly varied among the seasons; though, in general, the 21 overall water quality was better in the rainy-monsoon season. 22
Spatial annual average of water quality indices were used to construct a plot ( Figure  23 6) which showed a maximum WQI value for S4 (74.9, WQI obj ; 74.1, WQI m ) and the 24 minimum was for S7 (57.2, WQI obj ; 60.2, WQI m ). WQI obtained for S7 (57.2, WQI obj ; 60.2,WQI m ) was the lowest among all the sampling stations, which was situated in the most 1 densely populated area (population density: 2.11×10 5 /mile 2 ) of the CMPA. However, 2 sampling station S2 which was classified as a water body of 'medium' quality is located in 3 the area with the lowest population density (1.57×10 4 /mile 2 ) indicating that population 4 density or urbanization can only be used as an added tool to describe the water quality of a 5 certain water body in conjunction with other related factors. The WQI analysis, considering 6 both WQI obj and WQI m , enabled us to classify S1, S3, S4, S11 and S12 of CMPA-SSWBs as 7 good and the others are as of medium quality. None of the sampling stations in CMPA-8
SSWBs was bad as water resource. 9
When we compared the indexing approaches used in this study using table 6 and 10 figure 6, we could see that WQI min or WQI m which were based on five parameters i.e. 11 temperature, pH, DO, turbidity and electrical conductivity gave comparable results to the 12 WQI obj which was based on all the twelve parameters measured. Out of all the cases, in 72% 13 of the cases both the indices gave the same quality class for the water bodies concerned. In 14 11% of the cases, WQI obj categorized particular water bodies (e.g. S2, S10) as of medium 15 quality while WQI min or WQI m indices indicated them good and in the rest 17% of the cases, 16 WQI obj indicated good quality while WQI min or WQI m indices indicated medium for particular 17 waterbodies (e.g. S1, S4, S5 etc.). Since the indexing approaches agreed in majority of the 18 cases and differed marginally only while categorizing between good and medium, we can 19 suggest that WQI m can alone be used for such categorization purpose which will minimize 20 the cost and time needed for such studies thereby helping developing countries to undertake 21 such investigations within the limit of their budget constraints. However, WQI m formulated using only five factors showed almost the same estimation of 25 water quality as WQI obj . This is a significant finding in the sense that we can suggest the 1 developing countries to use this index to assess water resources with minimum time and 2 analytical cost. 3
Biologically, the SSWBs in the Chittagong metropolitan area were polluted and concentration 4 of total coliforms was high enough to make the raw water unpalatable. Turbidity is another 5 factor that is to be addressed to make water from these resources usable. Trace metal 6 concentrations in the water from SSWBs were within the limits outlined by WHO standards 7 for drinking water. The best thing was that none of the water bodies were contaminated with 8 arsenic which is a major issue against the use of ground water in Bangladesh. These 9 observations made us to suggest that SSWBs are suitable as an alternate source of water 10 supply in Chittagong metropolitan area. But we need further research to investigate the 11 specific natural or anthropogenic factors contributing to turbidity or coliform problems and 12 means to mitigate them. Moreover, we need investigation to find out exactly how much water 13 supply can be sustained from these resources without jeopardizing their very existence. TDS 2 <100 <500 <750 <1000 <1500 <2000 <3000 <5000 <10000 20000 >20000 TS 4 <250 <750 <1000 <1500 <2000 <3000 <5000 <8000 <12000 20000 >20000
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